This present work is an investigation of anticancer activities of the nitrogen mustards possessing quinazolinone, benzimidazole, benzoxazole, and benzothiazole nuclei by the three-dimensional Quantitative Structure Activity paradigm, Comparative Molecular Field Analysis. A total of 39 compounds were modelled in SYBYL 6.7 (Tripos, USA). The molecules were aligned by root-mean-square fit of atoms and field fit of the steric and electrostatic molecular fields and the resulting databases analysed by partial least squares analysis with cross-validation, leaveone-out and no validation to extract the optimum number of components. The analysis was then repeated with bootstrapping to give the final Quantitative Structure Activity Relationship models. Eight compounds, which were kept separately as test set, were used to test the predictive ability of the Comparative Molecular Field Analysis models. Out of the two models generated, one was found to be useful. The predicted activities of the test set were in good agreement with experimentally determined values.
The primary goal of any drug design strategy is to
MATERIALS AND METHODS
predict the biological activity of new compounds prior to their synthesis. Comparative Molecular Field Analysis Biological activity data: (CoMFA), introduced by Cramer in 1988, is one of the Short-term antitumor activity data for a series of 39 most robust modern tools for Quantitative Structure compounds were subjected for QSAR analysis by CoMFA Activity Relationship (QSAR) studies 1 . The CoMFA technique. Anticancer activity of the title compounds was methodology is a 3-D QSAR technique that ultimately originally given in terms of cytotoxic concentration allows one to design and predict activities of molecules.
(CTC ) and concentration required to inhibit the growth 50 This is based on the assumption that the interactions of the DLA cells in µg/ml. , 36-aryl sulfonamides 7 proper experimental design for the training set from and N-benzyl piperidines 8 .
which a QSAR model is derived, as well as for the test set, for which biological data shall be predicted 9, 10 . The biological activity data for the compounds under Training set was formed by selecting 31 compounds from study, which were previously synthesised and screened for the series of compounds in hand ( fig. 1 ). Approximately their short-term in vitro antitumor activity in DLA cells, 20% from the series were taken as test set. were obtained from the Department of Pharmaceutical Chemistry, J. S. S. College of Pharmacy, Ootacamund.
Molecular modelling:
A database of 31 compounds forming the training set was the modelling environment of SYBYL 6.7 11 software package (Tripos, USA). The molecules were subjected for energy minimization (geometry optimization) at a gradient of 1.0 Kcal/M with delta energy change of 0.001 Kcal/M under Tripos standard force field 12 . Finally, the molecules were named and saved in appropriate databases.
After conformational analysis (CA), the least energy conformation was selected, saved, and used for the charge calculation, assuming that it was the active one. We have used two different types of chargescalculated by Gasteiger-Marsili method and the semiempirical MOPAC method 13 .
Partial least squares analyses (PLS):
The PLS analyses were done by following standard protocols 14 . In order to speed up the analysis and reduce the amount of noise, column filter was used excluding the columns with a variance smaller than 2.0. Equal weights for the steric and electrostatic descriptors were assigned using the CoMFA scaling option.
CoMFA results:
Two CoMFA models were generated by using different types of partial atomic charges, which is shown in Table  1 . Model A was derived by using charges calculated according to Gasteiger-Marsilli method, while Model B was obtained using MOPAC charges.
Prediction of activity:
The 3-D QSAR analysis obtained as Model B was used for predicting the activity of the 32 compounds in the training set. The results are shown in Table 2 . From the table, it can be observed that the predicted activities are very close to the experimental activities with minimum residual activity.
CoMFA contour maps:
The QSAR produced by CoMFA were represented as a 3-D coefficient contour map. To visualize the CoMFA steric and electrostatic fields from PLS analysis, contour maps of the product of the standard deviation associated with CoMFA column and coefficient (SD Coeff) at each lattice point were generated. The contour maps were plotted as percentage contribution to the QSAR equation and were associated with difference in biological activity. The CoMFA contour maps generated for model B were used to explain the structure activity relationship of anticancer agents.
In CoMFA contour maps, the regions of high and low steric tolerance are shown in green and yellow polyhedra, respectively. CoMFA electrostatic fields are shown as blue and red polyhedra in fig. 2 . A low electron density within the inhibitors near blue and red polyhedra, respectively increased or decreased the activity.
RESULTS AND DISCUSSION
The validity of Model B was further enhanced by bootstrapping process. Bootstrapping of 10 runs gave r 2 of 0.953±0.033 with a very low standard error of 0.048± 0.039. This added to the high confidence limit to this analysis. In this analysis, both steric and electrostatic fields contributed to the QSAR equation by 52.5 and 47.5%, respectively. This suggested that variation in the anticancer activity is predominantly determined by the steric properties. Thus, the results suggested that there is a good internal consistency in the data set generated in model B.
Model B performed exceptionally well in predicting the activity of most compounds used in the test set. However, From the Table 3 , it can be observed that the predictions it must be emphasized that the molecular alignment and made using CoMFA model were satisfactory in most conformations used in this study were selected in the cases. In general, the percentage difference in the absence of X-ray crystallographic coordinates of these predicted activities of the synthesised compounds ranges molecules; still, the CoMFA model generated in the study from 3.3 to 26.2%. The relative difference in the showed very good prediction capability.
predictions is not unexpected and is within the From these results, it is inferred that the 3-D QSAR model generated can be successfully expanded to predict the activity of structurally diverse compounds, which will be used in designing new chemical entities and predicting their activity.
